Background: While recent years have seen a revolution in the treatment of metastatic cutaneous melanoma, no treatment has yet been able to demonstrate any prolonged survival in metastatic uveal melanoma. Thus, metastatic uveal melanoma remains a disease with an urgent unmet medical need. Reports of treatment with immune checkpoint inhibitors have thus far been disappointing. Based on animal experiments, it is reasonable to hypothesize that the effect of immunotherapy may be augmented by epigenetic therapy. Proposed mechanisms include enhanced expression of HLA class I and cancer antigens on cancer cells, as well as suppression of myeloid suppressor cells.
Background
Uveal malignant melanoma (UM) is a disease that differs biologically from cutaneous melanoma. Uveal melanoma is a tumor in the eye arising from melanocytes in the uveal tract. It is most common in the choroidea (90%), but can also be found in the ciliary body (7%) and in the iris (3%) [1] . In Europe, the incidence shows a gradient from north-to-south, decreasing from over 8-9 per million in Scandinavia to less than 2 per million in the southern European countries [2, 3] . The incidence is increasing with age, and the median age at the time of diagnosis is about 60 years [4] . At the time of initial diagnosis, only 2-4% of all patients have metastatic disease [5] and many are cured from their primary tumor with initial surgical resection or radiotherapy of the eye. Very often the initial treatment results in low vision on the afflicted eye, reducing quality of life for these patients. Even worse, up to 50% of the patients will develop metastatic disease, most commonly with isolated liver metastases (89%), with a median survival of 6-12 months [5, 6] . Patients with metastases outside of the liver only, or when the liver is not the first site, seem to have a better survival [7] . For patients with liver metastases, regardless of treatment, the mortality rate is approximately 90% at 2 years with only about 1% of the patients surviving more than 5 years [6] .
Currently explored treatment strategies for metastatic UM include liver directed therapies, chemotherapy, targeted therapies and immunotherapy. For patients with isolated liver metastases, liver directed therapies such as radiofrequency ablation, isolated hepatic perfusion (IHP) or percutan isolated hepatic perfusion (PHP), can induce objective responses, but a clear survival benefit has not been shown in prospective studies, although trials are ongoing [8] .
The predominant mutations present in uveal melanoma are in GNAQ or the mutually exclusive GNA11 gene, which are mutated in 90% of uveal melanomas. In the remaining 10%, recurrent mutations can be seen in CYSLTR2 and PLCB4 [9, 10] . GNAQ/11 mutations result in activation of the Hippo and MAP-kinase pathways [11, 12] . Although the pathways have been delineated, a targeted therapy against GNAQ/GNA11 oncogenic driver mutations is lacking. Instead, attempts to target the downstream signaling pathways through inhibition of e.g. MEK or PKC have thus been tested, but not yet demonstrated clinical efficacy [13] . Another common genetic alteration in UM is inactivation or loss of the BAP1 tumor suppressor gene, which results in metastatic progression [14] .
Results of checkpoint blockade in patients with metastatic UM have so far been disappointing in the limited number of patients reported [15] . There are indeed scientific concerns raised about the feasibility of therapies such as those targeting Cytotoxic T-Lymphocyte Associated Protein 4 (CTLA-4) and/or Programmed cell Death protein 1 (PD-1). The eye is an immune privileged site and it is well known that primary uveal melanoma often has a reduced HLA class I expression. Low HLA expression can trigger NK cell lysis and high expression of HLA in the primary site is associated with worse prognosis [16] . If the low HLA expression, hampering recognition of cytotoxic T-cells and effective immunotherapies, is conserved in metastases has not been sufficiently studied. Unfortunately, there are no accurate animal models of GNAQ/11 mutated uveal melanoma which develop liver metastases, and biopsies from metastases, e.g. from the liver, have not been adequately characterized. Beyond checkpoint inhibition, other strategies for immunotherapy in UM include IMCgp100, a bispecific biological drug showing promising activity in early phase studies [17] , and adoptive cell therapy with tumor infiltrating lymphocytes [18] .
There have been several clinical trials with different kinds of chemotherapy, targeted therapies, immunotherapies, and liver directed therapies. Unfortunately, the median survivals reported in these trials do not differ from the anticipated survival of 6-12 months in patients not receiving antitumoral therapy [19] . Thus, there are strong arguments to investigate if anti-PD1 therapy can be effective in metastatic UM. However, the poor immunogenicity of uveal melanoma may interfere with the efficacy of anti-PD1 therapy, and published case series with PD1-inhibitors in monotherapy show very low response rates [15] . There is however emerging preclinical data indicating that the effect of immunotherapy may be augmented by epigenetic therapy [20] . For instance histone deacetylase (HDAC) inhibitors have been shown to a) enhance expression of HLA class I on cancer cells [21] , b) trigger cell death recruiting immune cells [22] , c) trigger DNA damage of uveal melanoma cells resulting in activation of danger signals [23] , d) block myeloid-derived suppressor cell (MDSC) activity [24] , and e) enhance the expression of cancer antigens silenced by immunoediting [25] . On the other hand, HDAC inhibitors also induce PD-L1 [26] . Therefore, addition of a PD-1/ PD-L1 checkpoint inhibitor to HDAC inhibitors enhance the effect compared to monotherapy in vitro and in syngenic animal models [26, 27] . In particular, the HDAC inhibitor entinostat (MS-275) was demonstrated to enable durable responses to immune checkpoint inhibitors even when mice carried large tumors [24] . Given the poor responses to PD1 inhibitors in patients with UM, we hypothesize that an epigenetic therapy using entinostat could enhance the effect of PD1 inhibitor pembrolizumab in human patients.
Little is known about the toxicity of combined HDACand PD1-inhibition. In monotherapy, entinostat gives rise to manageable hematological and non-hematological toxicities, few of which are overlapping with those associated with PD1-inhibitors [28] . The dosing is based on results from the dose escalation cohort of an ongoing phase Ib/II trial of entinostat and pembrolizumab in other solid tumors (NCT02437136). According to interim data from the cutaneous melanoma expansion cohort of the same study, there are no obvious signs of synergistic toxic effects [29] .
Methods

Study design
The PEMDAC study is a prospective multicenter, non--randomized, open label study, in which patients with stage IV UM are concomitantly treated with pembrolizumab 200 mg administered intravenously every third week and entinostat 5 mg administered orally once weekly.
Endpoints
The primary endpoint is objective response rate (ORR) according to RECIST 1.1 criteria [30] .
Secondary endpoints include
Clinical benefit rate (CBR) (as of RECIST version 1.1 criteria): stable disease (SD) at 18 weeks OR any objective response Progression free survival (PFS) Overall survival (OS) Best overall response (BOR) Time to response (TTR) Duration of objective response (DOR) Incidence and severity of adverse events (AEs) and serious adverse events (SAEs) Eastern Cooperative Oncology Group (ECOG) Performance status (PS). Change from baseline in the ECOG PS at 18 weeks Changes in Quality of Life (QoL)
Exploratory endpoints include
Radiological response (ORR, PFS) by immune related RECIST 1.1 criteria (irRECIST) [31] ORR in association with biomarker expression ORR in subgroups determined by to PD-L1 expression, serum LDH level, GNAQ/GNA11 mutation status and presence of extra-hepatic metastases Changes in number of myeloid-derived suppressor cells (MDSCs) and T-cell differentiation in peripheral blood and tumor biopsies pre-and post-therapy Changes in HLA expression in tumor biopsies pre-and post-therapy Changes in expression of immune checkpoint proteins in tumor biopsies pre-and post-therapy Changes in molecular characteristics of uveal melanoma metastases when treated with entinostat and pembrolizumab
Study population
The investigated cohort of patients includes both untreated and previously treated patients.
Key inclusion criteria include
Age above 18 years Signed and dated written informed consent before the start of specific protocol procedures ECOG PS 0-1 Histologically/cytologically confirmed stage IV UM Measurable disease by computed tomography (CT) or Magnetic Resonance Imaging (MRI) per RECIST 1.1 criteria Any number of prior therapies (including none), with the exception of anticancer immunotherapy
Key exclusion criteria include
Active brain metastases (symptomatic and/or requiring corticosteroids) or leptomeningeal metastases Previous treatment with anticancer immunotherapy Pregnant or nursing (lactating) women Medical, psychiatric, cognitive or other conditions that may compromise the patient's ability to understand the patient information, give informed consent, comply with the study protocol or complete the study Active autoimmune disease Immune deficiency or treatment with systemic corticosteroids (> 10 mg daily prednisone equivalents). Use of other investigational drugs (drugs not marketed for any indication) within 4 weeks before study drug administration Life expectancy of less than 3 months
Treatments and evaluation
A schedule of enrolment, interventions and assessments is shown in Fig. 1 .
Dosing and administration
Entinostat is to be taken on an empty stomach, at least 2 h after a meal and at least 1 h before the next meal. If an entinostat dose is missed, it may be taken up to 48 h after the scheduled dosing time. If it is not taken within the 48-h window, the dose should not be taken and should be counted as a missed dose. The patient should take the next scheduled dose per protocol. If entinostat is vomited, dosing should not be re-administered but instead the dose should be skipped.
Efficacy assessments
The subjects will be followed for 2 years. Study visits will be carried out at baseline, and week 3, 6, 9, 12, 15, 18, 21 and every 3 weeks until 24 months.
MRI or CT (as preferred by the investigator) of chest and abdomen will be carried out every 9 weeks EQ5D Quality of Life questionnaire at scheduled visit baseline and then every 9 weeks until 24 months Blood samples of biomarkers will be collected at every scheduled visit
Safety and tolerability
The subjects will be followed for 2 years. Study visits will be carried out at baseline, and week 3, 6, 9, 12, 15, 18, 21 and every 3 weeks until 24 months. All AEs and SAEs will be collected. At all visits the following tests will be performed: Blood samples (Hgb, WBC, Plt, INR, APTT, AST, ALT, ALP, Bilirubin, LDH, TSH, free-T4/free-T3, Creatinine and electrolytes).
Duration
Study treatment will be continued until documented disease progression, intolerable side effects, patient's withdrawal of consent or decision of the investigating physician to end treatment, or to a maximum of 2 years. The subject is free to withdraw from the study for any reason and at any time without giving reason for doing so and without penalty or prejudice. The investigator is also free to terminate a subject's study treatment at any time if the subject's clinical condition warrants it.
Discontinuation Criteria for Individual Subjects: 
Treatment beyond radiological progression
Due to the unique tumor response characteristics seen with treatment with immunotherapy, standard RECIST 1.1 may not provide an accurate response assessment. Modifications to RECIST 1.1 Criteria (irRECIST) takes into account these patterns of atypical response and enable treatment beyond initial radiographic progression. IrRECIST will therefore be used for assessment of tumor response for managing subjects on protocol treatment and decision making for discontinuation of study therapy due to disease progression. If imaging shows PD, it is at the discretion of the investigator to keep a patient on study treatment or to stop study treatment until imaging is repeated approximately 4 weeks later in order to confirm PD, as described in the irRECIST recommendations [31] . Patients that are deemed clinically unstable or who have biopsy proven new metastatic lesions are not required to have repeat imaging for confirmation. This decision will be based on clinical judgment of a patient's overall clinical condition, including performance status, clinical symptoms, and laboratory data. At a minimum, patients must meet the following criteria for continued treatment on study after disease progression is identified at a tumor assessment:
Absence of new or worsening symptoms No decline in ECOG performance status Absence of rapid progression of disease or of Absence of progressive tumor at critical anatomical sites (e.g., cord compression) requiring urgent alternative medical intervention
Statistical considerations
The sample size and power estimation is based on the primary endpoint ORR, only. Power is required to be 80%, Significance is generally set to 5%. We assume that an ORR of 5% is not a clinically relevant treatment effect, whereas 20% is sufficient to consider the treatment useful. Enrollment will continue until the required sample size has been reached. Patients will be enrolled in two batches, first consisting of 10 patients and the second group of 19. The second sample will not be recruited if the result from the 10 first is considered inadequate. This is the optimal allocation according to Simon's Optimal Two Stage Design (significance level = 5% (one-sided)) [32] . If no objective responses (CR or PR) are reported after the first stage of 10 patients, the study is interrupted early for futility. The expected number of patients is estimated to 17.6. Outcome measures that are proportions will be reported using a 95% confidence interval. Since the sample size is small an exact method will be used. If applicable, tests are conducted versus zero or highest non-efficient value. The primary and secondary outcomes can be divided into the following groups:
Proportions of successful events: ORR, CBR, BOR, Incidence of AE, ECOG PS Time to event: OS, PFS, TTR, DOR Others: QoL difference to baseline
Analysis of proportions
Outcome measures that are proportions will be reported using a 95% confidence interval. Since the sample size is small an exact method will be used. If applicable, tests are conducted versus zero or highest non-efficient value.
Analysis of time to event
Outcome measures that are times to various events will be analyzed using non-parametric methods. Time is summarized using medians, together with 95% confidence intervals. If applicable, test is conducted versus zero or highest non-efficient value. Results are graphically presented using Kaplan-Meier survival curves.
Quality of life (QoL) difference from baseline QoL difference will be analyzed using non-parametric methods, e.g. Mann-Whitney-Wilcoxon test.
Discussion
Metastatic UM represents a major unmet medical need in oncology. Being a rare disease and of low commercial value, drug discovery in UM is of lower priority by the pharmaceutical industry. The PEMDAC study is the first trial to assess whether the addition of an HDAC inhibitor to anti-PD1 therapy can yield objective anti-tumoral responses in metastatic UM. The study is investigator initiated, is carried out at the major Swedish University hospitals (with the possibility of referrals from other community and academic hospitals) and is coordinated by the Swedish Melanoma Study Group (SMSG).
One aim of the PEMDAC trial is to include a study population representative of that seen in the clinic, thus applying generous eligibility criteria including the allowance for any number of previous therapies. This approach risks generating a heterogeneous study population, but is in our view justified by the urgent medical need in metastatic UM and the prospect to include a sufficient number of patients during a reasonable recruitment period.
All investigators in the trial have substantial experience in the management of immune related adverse events associated with immunotherapy.
The Committee for Medicinal Products for Human Use (CHMP)/European Medicines Agency (EMA) has in 2017 presented "Guideline on the evaluation of anticancer medicinal products in man" and suggests ORR to be used as primary endpoint in exploratory single armed studies as in the present study. However, since the conception and approval of PEMDAC, there is data suggesting that ORR might be challenged as the most appropriate primary endpoint for phase II studies of immunotherapy in cancer, as it risks underestimating the treatment benefit. A retrospective analysis of phase II immunotherapy trials in cancer showed that PFS at 6 months might be a better correlate for OS in this setting [33] . Furthermore, modified RECIST criteria (irRECIST) have been developed to account for the unconventional response characteristics associated with immunotherapies [31] . Progression free survival (including landmark analysis) and ORR according to irRECIST will be analysed as secondary endpoints. However, these alternative surrogate endpoints have not yet been validated in prospective studies across tumor types. Furthermore, pseudoprogression appears to be uncommon using PD1-inhibitors, and the benefit of durable conventional objective response remains undisputed. We believe that the present study design is appropriate to investigate whether there are observations of clinically relevant efficacy from combined HDAC-and PD1-inhibition in UM patients, to warrant further investigation in larger cohorts.
With 29 patients, the present study represents a significant cohort of patients with this very rare disease. An important aim of the study is therefore explorative analyses, with the aim of increasing our understanding of the immunological and genetic nature of UM, and possibly to detect markers predictive for response.
Trial status
The trial started enrolment of patients in February 2018, and recruited patients are in active treatment phase or follow-up. An updated trial status will be continuously displayed at Clinicaltrials.gov. The primary endpoint will be assessed 6 months after last patient first visit. Key efficacy and safety results will be reported thereafter, preliminary late 2019. Latest protocol version and date: 1.4, 2018-06-29. 
